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Preface
The study of the flow of fluids in pipe lines has
until recently yielded very unsatisfactory results. A
large amount of work has been accomplished in the field
of water flow, but even in this case it is impossible to
determine any fairly approximate relationships, owing to
the disagreement among investigators.
Some general principles with regard to the flow
of fluids have for many years been known to scientists.
There are two types of motion for liquids; namely, viscous
and turbulent. The so called viscous flow applies to low
velocities, very small pipes, or very visaous liquids.
In this type of motion the particles move in lines paral-
lel to the mass movement as a whole, but the velocity of
motion drops off from a maximum at the center to zero at
the outside of the pipe.
In the case of any fluid, if the velocity is in.
creased a point is eventually reached where viscous flow
rapidly changes to turbulent flow. The latter is an eddy.
ing, mixing type of motion and the average velocity is
about 80% of that at the center.
The formula for turbulent flow most frequently
used by engineers is Fanning's (h = 2 f 1 s vz) where h is
I g
the lost head, 1 the length, s the specific gravity of the
fluid, v the velocity of flow, d the pipe diameter, and f
the so called friction factor. These terms are all ex-.
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pressed in engineering units (feet, seconds). This forma-
la evidently makes no allowance for the viscosity of the
fluid and f is a complicated function of velocity, pipe
diameter, viscosity, density, and the condition of the
pipe surface.
The above formula for turbulent flow is but roughly
approximate and it will be seen that accuracy may be ob.-
tained only by varying the values of f. Attempts have
been made to formulate a general equation by assigning
fractional exponents for v and D, but the investigators
cannot agree as to the magnitude of the exponents. The
condition of the pipe surface is a very important factor
and no definite value can be given as a correction for
roughness.
In the case of water, where the density is constant
and variations in viscosity are disregarded, it has been
possible to obtain fairly acourate results by the use of
tables showing the value of f for various velocities and
pipe diameters. Similarly, it has been the usual practice
to work out separate formulas or tables for each of the
common fluids and to develop rough general formulas to
cover the others.
About seventy years ago it was predicted that f
was not an independent function of diameter, velocity,
specific gravity, and viscosity, but a function only of
the expression D :
z
s-3-
D = diameter in inches
v = velocity in feet per second
s specific gravity of liquid
z viscosity relative to water at 68*F
This theory has been reviewed and elaborated several times
in mathematical papers dealing with the theoretical side
of the flow of fluids.
During the war the British National Physical Lab-
oratory used the D v s method for air and water in very
Z
smooth tubes up to 3 inches in diameter. The results ob.
tained entirely substantiated the earlier predictions.
This method of treatment has until recently re-
ceived but little attention in the United States. In the
latter part of 1921, Robert E. Wilson, '. H. McAdams and
1. Seltzer at the Research Laboratory of Applied Chemistry,
Massachusetts Institute of Technology, performed experi-.
ments on oils covering a large range of temperature. They
combined their results with those obtained from existing
literature on the flow of water, air, and steam, and ob-
tained data sufficient to cover most conditions likely to
be encountered in commercial practice.
In this method, f, as calculated from Fanning's
equation for a given set of observations, has been plotted
against the corresponding value of D v s . In order to
z
calculate the lost head for any type of flow for any fluid
it is but necessary to refer to such a diagram and read
the value of f corresponding to a given value of D v s
a
and substitute in F'anning's equation*
-4-.
II
Object of Investigation
The authors have recalculated a large amount of
the more important data relative to the flow of water in
pipes. They have tabulated the values of f as obtained
from Fanning's equation, and the corresponding values of
D_ _ They have plotted values for pipes of brass, tin,
S
lead, wood, glass, rubber fabric, and iron including new,
cleaned, coated, old or tuberculated, cast, wrought, and
sheet. The data of the various experimentors has been
grouped according to material on composite plots.
By comparison with existing curves it has been at-
tempted to check up the results of previous experimentore
on flow of water through pipes with the theory that f
(Fanning) is a function of the expression De and if
z
practicable to recommend curves to conform to all cases of
the flow of water in commercial pipes.
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III
Method of Procedure
The first step in the investigation was the com-
pilation of a bibliography. The assembling of material
and rejection of that which was unsuitable was an import.
ant part of the work. The computation of f from Fanning's
equation and the corresponding value of Dvs was per.
z
formed according to the manner in which the data was given.
The value 1 was obtained by direct reading from a tempera-
ture fluidity plot furnished by the Department of Chemical
Engineering. In some very valuable data it was found that
temperatures had been omitted. In such cases a temperature
of 68*OF was assumed unless local conditions at the site of
the experiment in question permitted a closer approxima.
tion. All such assumptions were noted in the tables.
The specific gravity of water was considered unity
in all cases; therefore f was actually taken as a function
of D v In plotting, the ourves of individual experiment..
z
ore were worked out in detail on separate diagrams while
composite curves of each material were drawn on larger
sheets. With one exception, all plots were made on log-
arithmio paper.
The following nomenclature was used throughout:
D (tables) = inside diameter of pipe in feet
D (plots) =" " " inches
v = velocity in feet per second
S viscosity relative to water at 68*F
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h = lost head in feet
g = acceleration of gravity = 32.2 ft./sec./sec.
1= length of pipe in feet
G specific gravity of water = 1
T = temperature in degrees fahrenheit
n constant in equation v = n [r a,
In the expression Dvs , D is diameter in inches.
z
f = friction factor (Panning)
N.P.L. = National Physical Laboratory of Great
Britain. Their curve is taken as a
standard of comparison.
The following methods of computation were used in
finding f:
f = 16.1 h 8. (Fanning)
1 v2
In ease the Cheszy formula for velocity were
used,
v = n [r a
. . f = 16.1 h d
1 na r a
but h= 1 and r= d
nnf
-p7f-
IV
Discussion of Curves
of Individual Experimentors
D'Arcy - Cast Iron Pipes App. A
This set of curves was developed from a very
interesting series of experiments performed during the
years 1849-1851. It is perhaps the best example in the
investigation of the distinction between old, cleaned,
and new pipes. The line for old pipe gives very high and.
practically non-varying values of f and is straight
throughout its length. The values for cleaned pipe range
somewhat higher than those for new. The diameters range
from 3 to 20 inches. The lower portion of the curve gives
values of f somewhat higher than those recoimended by the
N.P.L. and Wilson, McAdams and Seltzer.
D'Arcy - New Drawn Iron Pipes
These curves were taken from the same series of ex-
periments as described above. The diameters are 1/2", 1",
and 1-1/2". These curves are high in comparison to those
for new cast iron, but it will be noted that the diameters
are relatively small.
City of Providence, R. I.
Smooth Cast Iron Pipes
Some valuable data was secured from the annual re-
port of the city engineers off Providence, R. I., 1888.
The plots cover a series of diameters from 1/2" to 12".
In this example it was necessary to assume a temperature
of 68*F. The mean curve in the lower half is slightly
-8.0
higher than that of the Wilson, McAdams and Seltzer line,
but checks the values obtained for D'Aroy's new cast iron
pipe.
Hamilton Smith, Jr. - Wrought Iron Pipes
Here we find another comparison of old and new
pipe. These results were obtained from a series of ex.-
periments by Hamilton Smith, Jr. in 1877. Again the line
for old pipe is high and straight and gives but slightly
varying values of f. The values obtained for the new
pipe check several of the previously recommended lines.
Hamilton Smith, Jr.
Small Pipes of Various Kinds
In the 1877 series Smith performed experiments on
new wrought iron pipe coated with asphalt and the same
pipe uncoated. The coated pipe yielded a curve parallel
to and slightly higher than the uncoated specimen. Both
curves give very satisfactory cheeks on the Wilson,
McAdams and Seltzer line.
A number of experiments were performed at this time
by Smith on smooth riveted sheet iron pipes of diameters
ranging from 11" to 26". The diagram for the same seems
to follow the predictions of the theory.
D'Arcy 1849-1851 - Iron Pipes
Desmond Fitzgerald 1894-1895 - Iron Pipes
This is another series of old and cleaned pipes.
Two experiments were performed by D'Arey on pipes of 1-1/2"
and, 3" in diameter, and one by Desmond Fitzgerald on a 48"
inverted siphon. When cleaned, the values of f for all
-9.-
three pipes checked up with the N7.2.L. line. The curves
showing the tuberculated condition approach straight
lines, but vary greatly in value. It is evident from
this and previous comparisons that it is very difficult
to predict the location of a curve for a tuberculated
pipe.
Coated Cast Iron Pipes
Stearns - Cast Iron Pipe Coated with Asphalt
Lampe 1869-1871 - Cast Iron Pipe Coated with Varnish
I Ben - Cast Iron Pipe Coated with Asphaltum
In general the curves obtained from the data of
the three experimentors, Stearns, Lampe and I Ben seem
to bear out the theory. The diameters range from 4" to
17" and in the case of Lampe it was necessary to assume
a temperature of 68*F. According to results of previous
plots the values of f are somewhat low for the coated
pipe.
Schoder and Saph - Drawn Brass Pipe
The experiments of Schoder and Saph were performed
at the Cornell Hydraulio Laboratory in 1910 on small brass
pipe from 0.105" to 2.02" in diameter. This data has been
recalcu lated several times and after assuming a tempera-
ture of 680F it was found to be a very close check, on
the N.P.L. line.
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John-George Mair - Brass Pipe
This experiment was performed in 1886 by J. G.
Mair on brass tubes 1-5" in diameter. The data is of
particular interest on account of the range of tempera-
tures (57*F - 1600F) involved. In order to show the
values with sufficient acouracy it was necessary to make
the plot on rectangular paper. The curve obtained is
parallel to and slightly lower than the Sohoder and Saph
and N.P.L. lines.
D'Aroy - Lead Pipes
Further experiments by D'Arcy in 1849 - 1851 on
lead pipes gave a good check on the N.P.L. line. The
diameters varied from *55" to 7"t. In four cases out of
seven it was necessary to assume a temperature of 680F.
Several pipes which had been in use for a number of years
gave high results, as in the case of iron. One curve
was abnormally high, but on account of erratic data it
should not be regarded as an adverse criticism of the
general theory.
Glass Tubes - D'Arcy and Hamilton Smith, Jr.
The investigation yielded but two curves for
glass, one each by D'Arcy and Hamilton Smith, Jr. In
both cases it was necessary to assume a temperature.
The results furnish a reasonable proof to the effect
that the theory may be applied to short glass tubes.
Bossut 1771
Dubuat 1786 Tin, Leaden and Earthen Pipe
Conplet 1732
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The experiments by Bossut and Dubuat when recal-
culated furnished three curves which checked the N.P.L.
line. Two were for tin pipe of diameters 1" to 2". The
third was for lead pipe of 1" diameter. The leaden and
earthen pipe of Couplet gave high values of f, no doubt
on account of the rough interior surface of such a pipe.
In each of these experiments it was necessary to assume
a temperature.
Herschel ~ ~ tv ierahlan BaI Wooden Stwe Pipes
D'Arz'o and Bazin)
The results obtained for wooden stove pipe were
not entirely satisfactory. Experiments on two rectangu
lar pipes by D'Arcy and Bazin gave curves within the
scope of the theory. The data on a circular pipe did not
yield enough points to make a fair comparison. The plot
of Herschel's data for a 72" circular pipe was not con-
sistent with the theory as a definite upward bend in the
curve occurred at a value of D v s of 100. It was nee-
z
essary to assume temperatures for every case.
J. R. Freeman - Fire Hose
These curves were developed from the data of J. R.
Freeman on experiments with fire hose in 1889. The re-.
sults are unsatisfactory with reference to the theory.
Three of the sir curves give reasonable checks, but the
others give values of f which are much too high. It is
evident that the condition of the fabric is very import.-
ant in the case of fire hose; also, owing to the enormous
pressure, it is difficult to determine the exact diameter
during flow.
-.12.
V
Composite Plots App. B
In the composite diagrams the authors have shown
all of the curves dealing with the same kind of pipe
material on the same plot. In several cases they were
able to show two or three kinds of material on one plot.
By means of these plots, the best representative line
for each material was readily predicted.
VI
Recommended Lines App. C
After a careful study of the composite plots, the
authors recommended two lines, which they believe best
represent the results of the accumulated data. The lines
were compared on the same diagram with the curves recoim-
mended by (1) The N.P.L., (2) Lander, and (3) Wilson,
McAdams and Seltzer.
Curve No. 4 is for ordinary commercial pipe and
No. 5 is the line recommended for old or tuberculated
pipe. It is evident that the latter curve is very ap
proximate and is of importance only as a comparison to
curve No. 4. The location of such a curve depends en-.
tirely on the relative ages and conditions of the pipes
under consideration.
Curve No. 4 in its upper half checks up very well
with the values obtained by Wilson, McAdams and Seltzer.
1M..
Throughout its length it is higher and diverges slightly
from the curve of the N.P.L. In the lower half it is
higher than the corresponding values of Wilson, McAdams
and Seltzer and the curves seem to be flatter. The best
cheek is with Lander's line for steam and water. His
line is parallel to and but slightly lower than the line
shown as No. 4. VII
Conclusion
In general, the data of previous experimentors
on the flow of water through pipes, recalculated for
values of f (Panning) and D v s , seems to prove that
S
f is a function of the variables diameter, velocity,
specific gravity, temperature, and condition of pipe
surface taken simultaneously. Considering the wide
range of conditions involved, the results on the flow
of water check up very well with the work of the British
National Physical Laboratory and of Wilson, McAdams,
and Seltzer covering the flow of all fluids in pipe
lines.
Concerning old or tuberculated pipe the relative
age and condition of the latter must be considered be-
fore making use of a recommended curve* However, it is
believed that even in this case after further investiga.
tion a line may be developed which with proper extrapo-.
lation will give reasonable accuracy.
The anthors recommer& a consideration of the
value of the D v s method in preference to the present
z
use of tables of friction factors in textbooks.
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APPENDIX A
D'Ary -. New Cast Iron Pipes
D= .2687
T = 61F
1= 366.1
n
78.8
75.1
94.1
97.5
99.1
99.9
100.2
98.9
100.5
100.0
99.5
100.0
100.0
f
.0104
.0114
*0072
.0068
.0066
*0064
.0064
.0066
*0064
.0065
.0066
.0065
*0065
D v a
.84
1.63
3.41
5.35
7.51
11.30
13.40
15.0
23*4
23.8
25.9
30.8
31.1
.4496
60*F
365.7
94.1
98.9
104.5
108.4
111.5
112.5
112.7
113.0
113*5
112.2
D=
T =
104.2
99.3
104.4
105.0
107.4
107.7
107.3
109.0
107.8
.0073
.0067
.0059
.0055
.0052
.0051
.0051
.0051
.0051
.0051
2.34
4.69
7.67
12.00
20.10
27.00
33.00
35.80
57.10
73*50
.6168
68*F (assumed)
365.4
.0060
.0066
.0059
.0059
.0056
.0056
.0056
.0054
.0056
5.6
13.5
20.6
30.8
40.5
52.7
68.4
118.0
134.0
v
.289
.561
1.175
1.841
2.595
3.888
4.652
5.154
8.048
8.160
8.924
10*623
10.712
.489
.978
1.601
2.503
4.196
5.623
6.883
7.484
11.942
15.397
.673
1.631
2.487
3.701
4.882
6.342
8.222
14.183
16.168
D'Aroy - Cast Iron Pipe
D .7979
T = 68OF (assumed)
1 365.3
n
73.6
73.9
75.5
75.8
75.1
75.3
75.2
75.3
f
.0119
.0118
.0113
.0112
.0114
.0113
.0113
.0113
D v a
g
.99
14.20
22.20
34.79
48.52
57.61
58.48
120.50
.8028
680F (assumed)
365.3
A Cleaned
Pipe
Very
Well
Cleaned
Pipe
v
.107
1.483
2.320
3.629
5.075
6.014
6.080
12.576
Old
Pipe
.912
1.762
3.113
4.659
6.247
7.238
8.438
14.754
.600
1.765
2.700
3.785
5.420
7.841
9.183
10.368
89.3
96.8
98.5
96.8
97.7
97.7
97.5
97.8
96.9
10307
105.5
104.8
104.5
104.6
103.9
104.1
.0081
.0069
.0066
.0069
.0067
.0067
.0068
.0067
.9744
70.5*F
365.3
.0069
.0060
.0058
.0058
.0059
.0059
.0059
.0059
8.79
17.00
30.00
44.90
60.25
69.75
81.30
142.40
7021
21.20
32.60
45.50
65.25
94.50
110.50
125.00
16.
D'Arcy - Cast Iron Pipe
n
101.6
108.4
99.4
117.3
115.2
116.4
119.0
112.5
115.6
D= 1.6404
T = 68 (
1= 365.3
f
.0062
.0055
.0065
.0047
*0049
.0048
.0046
.0051
.0048
assumed)
D v s
z
27.18
29.00
30.62
51.25
51.40
67.15
71.80
72*40
72.80
Henry D'Aroy 1849-1851 - New Drawn Iron Pipe
D = .0400
T= 73*F
1 = 374.6
38.7
54*9
69.6
66.0
63.8
58*6
58.6
60.4
61.3
62.6
64.3
65*7
66.8
.0425
.0213
.0133
.0148
.0158
.0187
.0187
.0176
.0171
.0164
.0155
.0150
.0144
.058
.120
.195
.245
.282
.384
.480
.572
.654
.797
.957
1.410
2.000
1.380
1.472
1.559
2.602
2.609
3.416
3.653
3.674
3.700
New
Pipe
.113
.236
.384
.482
.554
.755
.942
1.125
1.286
1.568
1.880
2.776
3.921
00/of
9 c//I N 0CV/ Z1-9V5
Oar
A.
",P/oj.
/ I K'
K
~1
fa9o
IO~
Renr D'rey1849-1851 a.New D~rawn lroan Pe/III
I/(
/
f
87.2 5.90o.0084 6.450
81.9
86.7
73.69
55*4
55*5
56.8
81.5
D =.1296
T = 57*F
1 371.9
'205 76.9 .0109 .268
.365 72.6 .0122 *.477
.606 79.*0 .010
3 .477
.858 823 *009
6 .793
1.252 86*3 .00
87 1.120
1.835 899 .00
80 1.640
2.585 92*9 .007
5 2.390
3.002 94*4 .007
3 3.370
3.590 95.*7 
.0071 3.920
6.301 99.8 *00
65 4.690
7.564 100.3 .006
4 8.250
3.521 100.0 .0065 11.900
D .0873
S= 58*F
1 = 374.6
f
.0128
.0115
.0103
.0098
*0094
.0092
.0090
*0088.0086
.0086
.0084
.*0084
T = 69*OF
*0097
#0099
*0120
.0209
*0204
.'0198
.171
.388
.734
1.080
1.540
1.970
2.350
2.840
3.650
3.780
4.970
5.900
1.850
1.360
.529
.133
.145
.*326
v
.430
.814
1.207
1.713
2.188
2.612
3.153
4.052
4.203
5.518
6.555
7.166
7.166
n
70 * 774*6
78.4
81.1
83.3
83.8
84.8
84.9
86*7
87.5
88'5
87*7
87*2
1.604
1.181
.459
.116
.126
.133
*282
Xx
LX~ ~'~-"
c2005
EVWV 12A'A W V /AO/ V P/P§3
0.5 /0 50 /0.030,
0.
so
City of Providence - Smooth Cast Iron Pipe
Annual Report City Engineers 1880
v
.41
7.35
17.16
24.92
30.64
40.94
50.25
h
.4
47*2
215.34
926 .34
623*5
1049.51
1573.35
= .042
= 68*F (assumed)
= 100
D v s
f z
.01148
.00588
.00492
.00462
.00450
.00424
.00421
.21
3.68
8.58
12.46
15.32
20.47
25.13
D = .063
1= 100
.36 .18 .0141 .27
7.26 30.02 .0058 5.45
10.53 58.19 .0053 7.91
16.70 134.58 .0049 12.51
37.40 598.44 .0043 28.02
43.57 793.29 .0042 32.65
49.02 992.20 .0042 36.80
D= .104
T = 68*F (assumed)
1= 100
.39 .12 .0132 .48
7.06 16.44 .0055 8.82
12.16 43.92 .0050 15.20
25.10 166.43 .0044 31.20
35.69 319.38 .0042 44.70
40.00 396.39 .0041 50.00
45.88 512.07 .0041 57.48
49.02 580.98 .0041 61.30
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City of Providence - Smooth Cast Iron Pipe
D = .167
T = 68 0F (assumed)
1 = 100
.07
12.45
29.64
60.18
78.08
133.93
182.16
239.15
325.28
367.43
f
.0112
.0050
.0047
.0044
.0043
.0042
.0041
.0040
.0040
.0039
D v a
z
.82
16.34
26.14
38040
44.12
58.82
69.44
81.66
93.96
100.50
D = .250
.03
.21
8.59
20.13
49.12
92.39
153.51
207.81
.26
1.79
4.09
7.15
9.45
12.00
16.08
18.38
20.17
22*72
.0093
.0071
.0046
.0043
.0040
.0039
.0038
.0038
D = .333
1= 1000
.0095
.0062
.0062
.0062
.0062
.0062
.0062
.0062
.0062
.0062
1.08
3.27
26.13
41.40
66.45
92.58
120.90
141.60
1.04
7.16
16.36
28.60
38.80
48.00
64.32
73.52
80.68
90.88
V
.41
8.17
13.07
19.20
22.06
29.41
34.72
40*83
46.98
50.25
.36
1009
8.71
13.80
22.15
30.86
40.30
47.20
.12
3.71
19.37
59.32
103.59
167.14
300.32
392.25
472.23
599.34
FF
D = .667
T = 68*OF
1= 1000
h
.16
1.76
3.35
3.99
6*06
8.03
11.01
12.13
14.04
16.12
f
.0137
.0061
.0061
.0061
.0061
.0061
.0061
.0061
.0061
.0061
(assumed)
D v a
1.28
14.08
26.80
31.92
48.48
64.24
88.08
97.04
112.32
128.96
D1
.07
1.06
1.77
3.48
5.18
6.10
6.81
8.01
8.72
9 *50
.0302
.0058
.0054
.0054
.0054
.0054
.0054
.0054
.0054
.0054
.84
12.70
21.30
41.80
62.00
73.20
82.00
96.10
105.00
114.00
City of Providenoe - Smooth Cast Iron Pipe
y
.03
1.61
5.86
8.31
19.20
35.95
63.29
76.79
102.95
135.62
.01
.38
1.05
4.05
8.98
12.47
15.54
21.53
25.51
30.27
rid:" t~7
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Hamilton Smith, Jr. 1877
Small Pipes - Various Kinds
D = .0878
T = 62.5*F
1= 60.172
D v 8
3
.00633
.00648
.00674
.00706
.0078*
.0086V
.01290
5.15
4.48
3.83
3.07
2.09
1.38
.93
New
Wrought
Iron
Uncoated
D =.0878
1 60.247
5.387 100.8 .00635 5.21
4.708 99.5 .00650 4.56 Same as
3.999 97.8 .00671 3.87 With
3.226 95.9 .00695 3.13 Funnel
2.199 91.3 .00770 2.13 Mouthpiece
1.435 86.8 .00860 1.59
1.052 80.1 .01000 1.02
D = .0873
1 = 60.264
101.9
100.2
95.5
91.6
.00620
.00636
.00704
.00764
5*25
4.59
3.10
2*14
Same as
Coated With
Asphalt &
ffith Funnel
D = .0876
1= 60.247
96.8
95.0
92.0
88.0
.0069
.0071
.0076
.0083
6.14
5*42
3.64
2*25
First Two
Joints
Coated With
Asphalt
v
5.325
4.673
3.948
3.175
2.154
1.421
.958
n
100.9
99.4
97.8
95.5
90*6
86.6
70*7
5*443
4.761
3.224
2.220
6.88
5.62
3*78
2.33
-22.
Hamilton Smith, Jr. 1877
Small Pipes - Various Kinds
D= .0853
T = 62.5*F
1 = 60.247
n
80.1
79.7
78.9
78.2
76.1
73*0
71*2
f
.0101
.0102
.0103
.0105
.0111
.0121
.0127
D v a
S
4.02
3*56
3.02
2*47
1.72
1.12
.86
Old Virought
Iron Un-
coated -
Funnel Mouth-
piece
D .0523
1= 60.127
3.88 92.9 .0075 2.18
3.39 91.2 .0078 1.95 New Wrought
2.86 89.7 .0080 1.65 Iron
2.30 87.2 .0085 1.32 Uncoated
1.58 83.2 .0093 .91 No Funnel
1.03 78.6 .0104 .60
y
4.27
3.77
3*21
2.62
1.83
1*20
.91
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D'Aroy - Iron Pipes
= .1178
= 45*F
= 374.9
f
.0170
.0192
.0193
.0185
.0185
.0187
.0183
D v s
.165
.263
.422
.820
1.240
1.790
2.060
Old Pipe
D = .1194
T= 41*F
1 = 374.9
80.5
84.1
91.1
95.1
97.5
98.6
99.1
.0099
.0091
.0077
.0071
.0068
.0066
.0066
3.72
6.18
12.71
19.78
29.18
33.90
37.00
Same Pipe
But Cleaned
D =.2608
T = 68*F (assumed)
1 = 366.3
.403 62.0 .0168 1.262
.823 64.5 .0155 2.580
1.463 67.3 .0142 4.580 Old Pipe
2.224 68.7 .0136 6.960
3.054 67.9 .0140 9.730
3.747 68.9 .0135 11.720
D = .2628
85.2
90.9
92*4
93.0
88.6
93.2
92.4
.0089
.0078
.0076
.0074
.0082
.0074
.0076
2.000
3.990
6.350
6.470
8.970
12.940
16.020
Same Pipe
But Cleaned
v
.167
.266
.426
.830
1.250
1.808
2.077
n
61*7
58.1
58.1
59.1
59.0
58 *5
59.4
.371
.617
1.270
1.972
2.927
3.392
3.694
.632
1.263
2.014
2.047
2.835
4.095
5.007
i
-25-
Desmond Fitzgerald 1894 - 1895
Rosemary Inverted Siphon and Part of Sudbury
Aqueduct Supplying City of Boston. Pipes in
Use 16 Years
D = 4
1= 1616
h
1.674
1.677
1.683
.841
.189
.027
1.301
.439
.107
.046'
1.689
.015
V
3.49
3.49
3.49
2*48
1.18
.40
3.06
1.81
.91
.61
3.47
.33
T *F
94
94
94
69
69
69
69
69
69
69
61
61
f
.00530
.00530
.00550
.00547
.00543
.00674
.00558
.00536
.00523
.00503
.00561
.00562
D v s
z
158
158
158
122
58
20
150
89
44
30
147
14
Same Pipe as Above, But Cleaned
.525
.114
.021
.925
.046
.035
2*950
1.163
2*008
4*212
2.470
1.110
.395
3.390
.659
.535
6.120
3.720
4.970
7.250
35.5
37.3
37.3
36*5
37.0
38.3
38.3
38.3
38.3
38.3
.00344
.00370
.00540
.00323
.00424
.00490
.00422
.00336
.00326
.00320
71
33
12
99
20
16
188
115
153
223
/A'O/V
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Stearns - Rosemary Cast IronPieoad
With Asphalt and Free from Rust
D 4
T= 38*P
1 = 1747.2
v
2.616
3.738
4.965
6.195
n
146.7
140.1
142.1
144.1
f
.00300
.00328
.00320
.00310
D v a
77
115
152
190
Lampe 1869-1871 - Cast Iron Pipe Coated
With Smooth Varnish - Free From Rust
D= 1.373
T =68*F (assumed)
h
52.39
51.69
43.65
15.09
.00452
.00490
.00495
.00525
v
3.090
2.709
2.479
1.577
n
119.4
114.6
114.1
110.5
D v a
51.0
44.8
41.0
26.0
-27.-
I Ben- Bonn Water Works
New Cast Iron Pipe Coated With Asphaltum
D = 1.004
T = 41*
1 = 17684
1.568 90.1 .00795 1.27
2.116 98.1 .00669 1.71
2.595 99.9 .00648 2.09
3.125 106.5 .00570 2.52
1.553 89.3 .00815 1.25
2.104 95.1 .00715 1.70
2.620 102.6 .00613 2.12
3.096 102.7 .00614 2.50
Ibet, at &64Pq WOve-k/,J
LQp 86--/n
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Cornell University Hydraulio Laboratory 1910
Drawn Brass Pipes
D = .0088
T = 689F (assume4)
Y n
62
68
72
74
f
.0168
.0139
.0124
.0118
D v a
.1055
.2110
.3165
.4220
D = .0168
1 70 .0131 .2010
2 76 .0111 .4020
3 80 .0101 .6030
4 83 .0093 .8040
D = .0248
1 72 .0124 .2976
2 80 .0101 .5952
3 82 .0096 .8928
4 85 .0089 1.1904
D = .0356
1 74 .0118 .4270
2 80 .0101 .8540
3 84 .0091 1.2810
4 86 .0087 1.7080
D = .044
1 77 .0109 .580
2 84 .0091 1.060
3 87 .0085 1.740
4 91 .0078 2.320
79"
Schoder and Sah
-29b.
Sohoder and Saph
Drawn Brass Pipes
D = .068
T = 68*F
f
.0098
.0083
.0073
.0068
(assumed)
D v s
.817
1.634
2.451
3.268
D = .128
1 88 .0083 1.534
2 96 .0070 3.068
3 100 .0064 4.602
4 104 .0069 6.136
D = .168
1 91 .0078 2.020
2 100 .0064 4.040
3 103 .0061 6.060
4 108 .0055 8.080
v n
81
88
94
97
Xeft
.02
.008
,007
.Q5 R/A W4'iV&BRA 5S //,PE,§
Shcr~e 15 ,'2
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John George Mair 1886 - Brass Pipe
Effect of Temperature on Discharge Thru Pipes
Proc. 0.E., Vol. 54, p. 929
D = .125
T = 57*F
1= 24
V
8.43
7.92
7.13
6*53
6*21
5*50
5*28
4.12
h
3.78
3.39
2.80
2.40
2.17
1.79
1.62
1.06
f
.00441
.00447
.00456
.00466
.00466
.00490
.00482
.00515
D v s
10.3
10.1
9.1
8.3
7.9
7.0
6.7
5.3
T = 70*F
8.56 3.70 .00418 13.1
8.10 3.32 .00419 12.2
7.19 2.74 .00440 11.0
6.64 2.35 .00442 10.2
5.67 1.76 .00453 8.7
T = 80*F
8.67 3.70 .00407 15.1
8.14 3.31 .00414 14.2
7.32 2.73 .00422 12.7
6.73 2.34 .00428 11.7
5.68 1.75 .00428 9.9
T - 90*F
8.22 3.26 .00399 16.0
7.38 2.68 .00407 14.4
7.12 2.52 .00412 13.9
6.80 2.32 .00416 13.3
6.40 2.09 .00424 12.5
5.74 1.72 .00431 11.1
5.00 1.35 .00447 9.8
-31-0
Johin George Mair 1886 - Brass Pipe
T = 100*F
V
8*79
8.29
7.42
5.79
h
3.62
3o*24
2.67
1*71
.00388
.00390
.00402
.00422
Dva
19.1
18.0
16.2
12.6
T 110*F
8.86 3.54 .00373 21.4
8.40 3.18 .00373 20.3
7.50 2.63 .00387 18.1
6.90 2.25 .00390 16.7
5.85 1.69 .00408 14.1
T = 120*F
8.42 3.15 .00363 22.2
7.69 2.67 .00375 20.3
6.98 2.23 .00379 18.4
6.53 2.00 .00389 17.2
6.03 1.72 .00392 15.8
5.12 1.30 .00409 13.5
T = 130*F
9.03 3.40 .00353 25.9
8.51 3.12 .00357 24.3
7.62 2.59 .00369 21.9
7.02 2.22 .00373 20.2
5.95 1.66 .00389 17.3
T = 1600?
6.58 1.82 .003,18 24.1
6.80 1.64 .00355 24.8
5.57 1.36 .00363 20.4
5.17 1.17 .00364 18.9
4.39 .88 .00380 16.1
BA'A55- P/Pf
John Georrex Now
-/'roceed/ *77S' o/ (ivi/fZnF/i-ee Ity7
1886
SQC/EI}/
P.004
20
Ternpe~-~tare P'are? frot?? 57"-/6O~
-Z / 4- -Y
-32-
Y - New Lead ipeas
D .0459
T =68*F (aeraed)
1 = 172.0
I
I
[I
(
I/
III/
f
.0280
.0085
.0098
.0875
.0790
.0715
.0665
D v
z
.072
.298
.445
.806
1.325
1.895
2.330
D .0886
1 172.4
.0138
.0112
.0098
.0084
.0069
.0067
.0068
.129
.657
1.159
2.081
3.563
5.025
5.870
D = .1345
1= 172.4
.0114
.0096
.0085
.0074
.0065
.0060
.0060
6.36
14.64
22.70
41.98
69.71
102.00
122.30
D= .6430
1 365.3
.0060
.0060
.0057
.0052
.0048
.0042
.0041
.0040
.0038
.0038
.0032
.131
.541
.807
1.463
2.402
3.438
4*232
n
48,4
87.2
81.1
85.9
90.4
94.9
98.3
.213
.617
1*089
1.959
3.350
4.718
5.509
68.3
75.7
81.1
87.4
96.5
97.8
96.8
.394
.906
1.404
2.598
4.318
6.316
7.562
75.0
82.1
86.8
93.2
99.5
103.5
103.5
.591
.912
1.529
2.559
3.530
5.436
5.509
7.411
9.000
10.013
19.720
104.1
103.8
106.2
111.1
115.6
124.3
125.4
127.6
130.2
130.9
141.0
5.92
7.03
12.28
19.75
27.21
41.75
42.50
57.20
69.48
78.25
152.30
D'Aray Old Lead Pipes
D .0879
T = 55F
1 = 371.8
D v s
v n f z
.098 44.8 .00324 .0836
.509 72.4 .01220 .4350
.889 76.8 .01090 .7600
1.860 84.2 .00910 1.590
2.798 88.6 .00813 2.390
6.099 97.0 .00684 5.200
8.225 100.1 .00643 7.050
D= .271
T= 710F
1 = 365.1
.328 76.7 .01100 1.090
1.171 99.9 .00650 3.880
3.117 108.4 .00550 10.350
5.293 115.3 .00487 17.510
8.438 121.1 .00442 27.880
10.535 124.0 .00420 35.000
12.034 124.1 .00418 39.950
12.786 124.3 .00418 42.380
D = .935
T= 70*F
1 = 365.5
1.296 101.3 .00628 14.68
2.782 114.0 .00495 31.50
3.868 121.6 .00435 43.80
4.902 122.5 .00428 55.50
6.673 126.2 .00403 75.55
8.852 128.1 .00393 100.50
10.522 129.1 .00284 119.25
GNP
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Hamilton Smith, Jr. - Glass Tubes
D = .0416
T = 68*F (assumed)
v
2.08
2.72
3.66
4.44
n
80
85
88
91
.0101
.0089
.0083
.0078
D v s
S
1.400
1.360
1.830
2.220
D = .0620
1.40 84 .0091 1.05
2.65 91 .0078 1.99
3.62 95 .0072 2.72
4.37 96 .0070 3.28
D = .0764
1.96 90 .0080 1.79
2.95 95 .0071 2.70
3.68 97 .0068 3.37
4.38 99 .0066 4.02
5.01 101 .0063 4.59
D = .163
.502 80.3 .0101 .98
1.024 86.3 .0086 2.01
1.591 89.8 .0080 3.11
2.930 95.3 .0071 5.73
4.849 100.1 .0064 9.48
6.916 102.4 .0062 13.51
LA3SS T(/3 f&5
Ic' ~50 so
i 1
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Bossut - 1771
D= .1184
T 68*F (assumed)
v h 1
1.116
1.432
1.868
2.493
4.310
1.037
1.017
2*049
1.985
1.694
191.84
127.89
159.87
95.92
31.97
D v a
f a
.00836
.00730
.00700
.00642
.00545
1.58
2.02 Straight
2.65 Horizontal
3.52 Tin Pipe
6.20
D= .1785
1.455 1.016 191.84 .00716 3.12
1.840 .986 127.89 .00653 3.94 Straight
2.441 1.991 159.87 .00600 5.23 Horizontal
3.178 1.894 95.92 .00560 6.82 Tin Pipe
5.233 1.486 31.97 .00486 11.40
D = .089
1.086 .333 53.29 .0076 1.16 Straight
1.979 .991 53.29 .0068 2.11 Horizontal
Lead Pipe
-36-
Couplet - Pipes at Versailles 1732
D = .3553
T = 68*F (assumed)
1= 1898.5
D v s
h f z
.799
1.865
2.753
.00715
.00561
.00495
.78
1.35
1.75
Old Iron Pipe
Interior Covered
With Inorusta-
tions
D = .5329
1 = 1824.5
.245 .266 .00208 1.56 Iron Pipe
.352 .466 .00176 2.25 35' Lead
D = .4441
1 = 7483
.179 .496 .0148 .95
.280 1.007 .0122 1.50
.366 1.488 .0106 1.95 Leaden and
.427 1.873 .0098 2.28 Earthen Pipes
.463 2.132 .0095 2.47
.473 2.220 .0095 2.52
v
.184
.317
.409
-37-.
Dubuat - Straight Tin Pipes_ -1786
D = .0888
T = 68*F
.747
1.020
1.208
.967
1.424
1.857
.260
.292
.425
.213
1
65.46
65.46
65*46
65.46
10.39
10.39
10.39
2.131
2.131
2.131
2.355
(assumed)
f
.0078
.0071,
*0072
.0070
.0050
.0049
*0044
.0031
.0022
.0024
.0012
Herschel - Wooden Stove e
Pioneer Electric Power so., Ogden, Utah
T = 82*F (approximate)*
45
57
104
105
126
168
189
228
268
303
308
*Experiments
performed in
early August.
v
1.446
1.775
1.86U2
1.941
5.179
6.333
7.544
7.539
9.456
10.892
10.544
D v 8
z
1*53
1.88
1*98
2.07
5*52
6.75
8.03
8.03
10.00
11.60
11.20
D v 8
a
.53
.67
1.22
1.24
1.48
1.98
2.22
2.69
3.15
3.57
3.63
n
69
73
101
104
115
111
117
119
121
122
126
f
.0137
.0121
.0062
.0060
.0049
.0052
.0047
.0045
.0044
.0043
.0040
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D I'Arcy and Bazin - Wooden Pipe
Use 4 r = D r = hyd. radius
4 r = 2.020
T = 68 0F (assumed)
v n
D v s
z
40*5
61.2
81.8
105.0
123.0
129.3
143.5
154.7
Rectangular
2.62' x 1.64'
4 r = 1.276
1.23 94 .0073 18.80
1.78 97 .0068 27.20
2.28 97 .0068 34.90
2.94 100 .0064 45.00 Rectangular
3.53 97 .0068 54.00 1.57' x .98'
4.35 97 .0068 66.50
4.62 96 .0070 70.70
5.31 100 .0064 81.30
4 r = 1.172
.69 105 .0058 9.7
.69 101 .0063 9.7
.70 99 .0066 9.9 Circular
.75 104 .0060 10.6 14" dia.
1.17 109 .0054 16.5
1.18 113 .0050 16.6
.53 112 .0051 7.5
1.67
2*52
3.37
4.32
5.07
5.33
5.91
6*37
108
108
109
110
109
109
110
110
f
.0055
.0055
.0054
.0053
.0054
.0054
.0053
.0053
WOODEC/V3Z vLI /A5
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J. R. Freeman 1889 - Experiments With Fire Hose
D=
T =
v
12.50
13.96
17.00
20.00
h
2.3 x 8.06
2.3 x 10.00
2.3 x 14.73
2.3 x 20.40
2.65
70*F
100
f
.00423
.00420
.00417
.00417
D v a
2
33.8
37.6
46.0
54.0
D = 2.47
T = 71 0 F
13.40 2.3 x 10.66 .00450 34.4
16.07 2.3 x 15.00 .00444 41.0
20.00 2.3 x 22.80 .00435 51.0
D = 2.49
T = 61*F
13.20 2.3 x 10.50 .00462 29.6
15.81 2.3 x 14.50 .00445 35.5
19.00 2.3 x 20.48 .00455 42.6
21.00 2.3 x 24.70 .00430 47.0
D = 2.68
T = 560F
7.50 2.3 x 3.50 .00515 16.9
10.00 2.3 x 6.23 .00515 22.5
13.65 2.3 x 11.30 .00500 30.7
17.00 2.3 x 17.01 .00490 38.3
D 2.69
T= 71*F
11.50 2.3 x 10.20 .00640 32.1
13.55 2.3 x 13.50 .00610 37.9
16.00 2.3 x 18.96 .00615 44.7
18.00 2.3 x 22.35 .00573 50.3
J. R. Freeman 1889 - Eperiiments with Fire Hose
D=
T =
h
2.3 x 14.92
2.3 x 21.19
2.3 x 33.2
D = 2.53
T = 720F
3.5
5.0
7.5
10.0
12.0
15.3
17.0
19.0
2.3 x
2.3 X
2.3 x
2.3 x
2.3 X
2.3 x
2.3 x
2.3 x
1.13
2*53
5.99
10.60
14.80
24.10
29.20
35.80
.00720
.00790
.00830
*00827
.00801
.00805
.00788
.00773
9.3
13.3
19.9
26.6
32.0
40.0
45.2
50.5
D 2.60
T = 70*F
3.5 2.3 x 1.79 .01168 9.6
5.0 2.3 x 3.63 .01160 13.7
7.5 2.3 x 7.99 .01133 20.5
10.0 2.3 x 13.50 .01080 27.3
14.5 2.3 x 27.20 .01030 39.6
17.0 2.3 x 37.03 .01020 46.5
20.0 2.3 x 50.30 .01003 54.6
2.12
70*F
100
v
14.00
17.00
21.80
f
.00498
.00479
.00443
D v 8
30.3
36*7
47.1
o-40-
46
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